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Abstract 
To make use of the limited amounts of water in arid region, the Iranians developed man-made underground water channels called 
qanats (kanats) .In fact, qanats may be considered as the first long-distance water transfer system. Qanats are an ancient water 
transfer system found in arid regions wherein groundwater from mountainous areas, aquifers and sometimes from rivers, was 
brought to points of re-emergence such as an oasis, through one or more underground tunnels. The tunnels, many of which were 
kilometers in length, had designed for slopes to provide gravitational flow. The tunnels allowed water to drain out to the surface 
by gravity to supply water to lower and flatter agricultural land. Qanats are up to 3000 years old artificial sub-horizontal 
underground water channels, 5 to 80 km long, widespread in Iran, but also common in western China, Arabia and the 
Mediterranean; they were excavated from the bottom of vertical shafts, starting from their exit and advancing upstream till main, 
productive wells, constructed at the very beginning of the project were met. In this paper, structure, function and also distribution 
of qanats in Iran are illustrated using library documents. According to the results, qanat is the most sustainable technology for 
groundwater management and also complies with social, environmental and economic circumstances of the region. 
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1. Intrduction: 
The word for water in Persian, ab (pronounced as äb), consists of two letters: A and B. Water is the alphabet of life, 
survival, and reclamation. Water, fire, and soil were valued as holy aspects of nature in ancient Persia. Water, however, 
has not always been easy to come by in arid and semiarid regions of the country, where rainfall events are very rare. 
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Annual precipitation in Iran is 273 mm—less than one-third of the world’s mean annual precipitation (Mahdavi 2004; 
Alizadeh 2005). The temporal and spatial distribution of rainfall is not uniform; about 75% of the nation’sprecipitation 
falls in a small area, mostly in the southern coast of the Caspian Sea, while the rest of the country receives insufficient 
precipitation. On a temporal scale, 25% of the precipitation falls during plant growth season (Jamab 1998; Mahdavi 
2004). High density, short-duration rainfall often generates destructive floods. Similar conditions prevail in many other 
countries in the region. While rainfall is low relative to the world’s mean annual precipitation totals, the demand for 
drinking water has been increasing in the last three decades due to rapid population growth. Annual per capita 
renewable water in Iran totals 1,500 m3 (one-fifth of the global average) (Papoli Yazdi 2000; Alizadeh 2005; Saffari 
2005). The need for people to overcome the challenges of an arid climate to meet water demand is nothing new. 
Approximately 2,500 years ago, Persians invented a number of methods for exploiting, conserving, and storing surface 
water and groundwater. One of these techniques for water management is called a qanat, a technological and advanced 
system for water exploitation that has demonstrated through the centuries the ability of humans in arid regions to 
transform a harsh environment into a habitable area. The qanat is essentially a horizontal, interconnected series of 
underground tunnels that collect and deliver groundwater from a mountainous source area, along a water-bearing 
formation (aquifer), and to a settlement (Perrier and Salkini 1991). The tunnels, typically several kilometers long, are 
roughly horizontal, with a slope. Driven by gravity, water drains to the surface to lower and flatter agricultural land. 
Considered to be the oldest feat of human engineering, this system is still used in a limited number of places in Iran, 
North Africa, China, the Arabian Peninsula, Afghanistan, and beyond. The system is referred to by different names in 
different regions: qanat and kareez (Iran); kariz (Afghanistan and Pakistan); kanerjing (China); khettara (Morocco); 
galeria (Spain); aflaj (Oman); and kahn (Baloch) (Goblot 1979; Al-Rawas and Hago 1999; Pouraghniaei and Malekian 
2001). In North Africa, the qanat is called a foggara (Al-Rawas and Hago 1999; Lightfoot 2003; Sankaran Nair 2004). 
However, the qanat system may not be applicable for solving the present-day challenges of water resources scarcity in 
arid and semiarid regions of the world. 
In the early part of the first millennium B.C., Persians started constructing elaborate tunnel systems for extracting 
groundwater in the dry mountain basins of what is now Iran because surface water resources were insufficient for 
domestic and agricultural purposes (English 1968; Beekman et al. 1999). From 550 to 331 BC, when Achaemenid 
Persian rule extended from the Indus to the Nile, qanat technology spread throughout the empire. An earthquake in 
December 2003 uncovered an old city and a qanat system in Bam, Iran, that dated back more than 2,000 years. 
Preliminary studies indicate that this qanat was built in the time of the Seleucids-Achaemenids (312–60 BC). The 
Achaemenid rulers provided a major incentive for qanat builders and their heirs by allowing them to retain profits from 
newly constructed qanats for five generations. As a result, thousands of new settlements were established and others 
expanded. To the west, qanats were constructed from Mesopotamia to the shores of the Mediterranean, as well as 
southward into parts of Egypt (Pearse 1973; Goblot1979; Pazwash 1983). To the east of Persia, qanats were constructed 
in Afghanistan, the Silk Road settlements of Central Asia, and Chinese Turkistan. The expansion of Islam prompted 
another major diffusion of qanat technology. The early Arab invasions spread qanats westward across North Africa and 
into Cyprus, Sicily (Italy), and Spain, including the Canary Islands. In Spain, Arabs constructed one system at 
Crevillente, most likely for agricultural use, and others in Madrid and Cordoba for urban water supply. Evidence of 
qanats in Latin America can be found in western Mexico, Peru, and Chile (Goblot 1979; Papoli Yazdi 2000). Without 
this innovation, ancient civilizations would not have been able to survive in arid and semiarid regions, which cover 20 
million km2 of the world (Nazari Samani and Farzadmehr 2006; Papoli Yazdi 2000; Saffari 2005). In modern times, 
however, social, technological, and economic changes generally have led to the widespread abandonment of the 
traditional use of qanats; with their decline, a large proportion of the traditional knowledge and social organization 
surrounding the systems also is vanishing. 
2. Materials and Methods: 
In this review article, firstly, several documents have been reviewed. Then, gathered information classified and 
clarified indigenous knowledge structure and function. Also, comparing rate of usage of traditional water management 
systems have been presented.  
3. Results and Discussion: 
3.1 Definition  
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The qanat is an underground gallery that conveys water from an aquifer or a water source to less elevated fields. In 
practice, a qanat consists of a series of vertical shafts in sloping ground, interconnected at the bottom by a tunnel with a 
gradient more gentle than that of the ground. The first shaft (mother well) is sunk, usually into an alluvial fan, to a level 
below the groundwater table. Shafts are sunk at intervals of 20 to 200 meters in a line between the groundwater 
recharge zone and the irrigated land. From the air, a qanat system looks like a line of anthills leading from the foothills 
across the desert to the greenery of an irrigated settlement. 
3.2 Qanat diagram  
The following diagrams indicates the qanat profile and plan: 
 
Fig. 1 A Qanat Profile 
 
 
Fig. 2 A Qanat Plan 
3.3 Qanat Equivalent Terms: 
There are more than 27 terms for qanat, being used in these countries : 
“ Qanat” and “Kariz” in Iran, “ Falaj” pl “Aflaj” in Oman, “Kariz” or “Karez” in Afghanistan, Pakistan, Azerbaijan and 
Turkmenistan, “ Ain” in Saudi Arabia, “Kahriz” in Iraq, “ Kanerjing” in China, “ Foggara” in Algeria, “Khattara” or 
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“Khettara” and “ Rhettara” in Morocco, “Galleria” in the Spain, “ Qanat Romoni” in Syria and Jordan, “Foggara” and 
“Khettara” and “Iffeli” in North Africa, “Galerias” in the Canary Islands, “ Mambo” in Japan, “Inguttati” in Sicily, 
some other terms used for qanats are as follows: 
Ghundat, Kona, Kunut, Kanat, Khad, Koniat, Khriga, Fokkara, etc. 
3.4 Wonders of Qanats in Iran 
Inside qanats there are wonders unbelievable to modern world. 
According to the Iranian Ministry of Energy, the number of qanats in Iran is about 36,300. The average length of 
these qanats is about 6 kilometers and the average depth of all shaft wells of a qanat together is some 4 kilometers. So if 
we take it as a sample of all qanats, we have about 376,068 kilometers gallery and shafts in Iran and if we consider the 
mouth of each qanat is about 1 meter in diameter so if we collect all the soil extracted from all these qanats we will have 
a pile 160 km long, 185 meter wide and 20 m high. The total length of the qanats equals to 9.4 times as long as the 
Equator, and about 97.9 percent of the distance between the moon and the earth. If we consider the wages for those who 
have created such hydraulic systems it exceeds billions of dollars.  
In Ardestan,Iran, there is a qanat with two levels of water lying over each other, called the Moon Qanat. The 1st 
level is 30 meters deep, and the 2nd level is 27 meters deep, so the high difference is 3 meters. The soil formation of 
this qanat is such that the water from 2nd level does not penetrate the lower level. 
Vazvan qanat in Meimeh city,Iran; this qanat has an underground dam. They dug the whole of the gallery toward the 
dam through stone, and so this gallery is constructed in stone and they built a dam between the wet zone and the dry 
zone of this qanat. The dam stores the Qanat water in winter they get access to the dam through a gallery down the front 
and from the other gallery they go behind this dam. This dam dates back to Sassanid era about 1600 years ago. 
The dams stores the Qanat water in winter, when there is no need of that water for agriculture. In spring the outlet of 
the dam is opened so that stored water can be used for agricultural purposes 
3.5 Structure  
 
Some parts of the qanat are described as follows : 
Gallery : the qanat gallery or tunnel which is an almost horizontal tunnel dug to get access to groundwater reserves, 
and to transfer this water to the earth’s surface. The dimensions of the tunnel are such that the workers can easily go 
through and work in it: between 90 and 150 centimeters high, and its width is less than half the height. 
Exit point of the qanat: Where the tunnel and the ground surface eventually intersect is the exit point of the qanat 
which is called the "mazhar" meaning where water appears.  
Shaft wells: there are some vertical shafts sunk along the tunnel to connect the surface to the horizontal gallery. The 
main application of these wells is to haul the debris and excavated materials from the tunnel on to the surface. They 
also provide access and help ventilate the tunnel and provide more oxygen for the workers. These wells play an 
important role in repairing the qanat, by making it possible to send down the needed facilities and tools and remove 
the debris. The shaft wells cut short the time needed for qanat construction or repair, and reduce the relevant 
expenses. A shaft well is between 80 and 100 centimeters in diameter, and the distance between the wells vary from 
20 to 200 meters. In fact, the deeper the shaft wells, the further they are from each other. The distance between the 
shallow wells (up to 40 meters) is two times as their depth, but in terms of deeper wells the distance is equal to their 
depth. 
Mother well: the furthest shaft well from the exit point, sunk upstream is called the"mother well". The mother well 
is usually the deepest well, in which a large inflow of water shows the qanat is in a satisfactory state. If the water 
table goes down so much that it is located below the bottom of mother well, no water can seep into the gallery, and 
if this situation persists, the qanat will inevitably dry up. If a qanat is extended so far that another well is needed, the 
new well would now be the mother well and the former one would be a normal shaft well. In a nutshell, the last well 
is always called the mother well. The depth of the mother well varies from qanat to qanat, and the deepest one in 
Iran has been recorded in the qanat of Gonabad at 300 meters. 
Farm : the farm is a cultivated area which is less elevated than the exit point of the qanat, irrigated by the water 
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coming out of the qanat. The extent of the cultivated area depends on several factors such as the qanat discharge, 
soil quality, soil permeability, local climatic conditions, etc. If the water flowing from the qanat is insufficient, the 
water is stored in a pool to increase the volume and head of water so that it can delivered to the land at a higher flow 
rate and thus irrigate the farms. The irrigation cycle differs from area to area but is usually between 12 and 15 days. 
It should be noted that an irrigation cycle is a water management order according to which the shareholders take 
turns irrigating their farms. For example, if the irrigation cycle is 12 days, every farmer has the right to take his 
share just once every 12 days.  
Classification: 
We can classify qanats according to the following these five criterias : 
 Length and depth of qanat 
A – Short qanats 
B – long qanats  
 Topography : 
A - Mountainous qanats 
B - Semi-mountainous qanats 
– Plain qanats 
 Geographical situation 
A – Successive qanats 
B – Parallel qanats 
C – Converging qanats 
 Qanat discharge 
A – Fluctuating qanats 
B – Constant qanats 
 Source of qanat flow 
A – Normal qanat 
B – Qanat –speing 
C –Qanat- river 
D – Qanat –well 
 
3.6 Geographical distribution of qanats in Iran   
In Iran the system of qanats has played a vital role. Historical records confirm that some qanats in Iran are very 
ancient, dating back to before Islam. More information about the antiquity of Iranian qanats can be found in chapter two 
of this book. 
The longest qanat is the qanat of Zarch with a length of 80 km and the deepest is the qanat of Gonabad that is about 
300 meters deep. The exact number of qanats in Iran is controversial. In the years 1984-1985 the Ministry of Energy 
took a census of 28,038 qanats whose total discharge was 9 billion cubic meters. In the years 1992-1993, the census of 
28,054 qanats showed a total discharge of 10 billion cubic meters. Ten years later in 2002-2003, the number of the 
qanats was reported to be 33,691 with a total discharge of 8 billion cubic meters that irrigate 14 percent of irrigated 
farm lands. 
According to the last report, published in 2005 by the Water Resources Base Studies Department affiliated to the 
Iranian Ministry of Energy [WRMO, 2005], there were 34,355 qanats with an annual discharge of 8212 million cubic 
meters in the country. This amount is 11 % of the total amount of groundwater that was being discharged by means of 
deep pumped wells, semi-deep wells, qanats and springs.  
Fig. 3 Classification of qanats 
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Fig. 4 Distribution of Qanats in Iran; Number of qanats in 2005 in each province 
3.7 Global distribution of qanats  
 
They were the focal point of the formation of civilization in various parts of the world. The communities whose main 
source of water had been qanats, made their utmost endeavors concerning promotion of exploitation and management of 
such an amazing technology.  
Since the introduction of pumped wells, many of the qanats have been phased out. But in some countries such as 
Iran, Oman, Afghanistan, Pakistan, China, Azerbaijan, etc. some qanats are still operational and supply a considerable 
amount of water to the agricultural sector. 
at present (2010) according to existing reports, some countries, e.g. Iran, Afghanistan, Pakistan, Oman and China 
enjoy active qanats. It is quite possible that there are running qanats in some other countries but we are not aware of 
them, so we do not rule out the existence of the qanat system in countries which are not mentioned here. 
Some accurate information in terms of the situation of qanats in some countries has so far been received, as follows: 
China, Tunisia, Algeria, Morocco, Egypt, Spain, Italy, Afghanistan, Pakistan, Sultanate of Oman. 
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